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(54) Portable wireless local area network 

(57) A wireless Local Area Network (LAN) includes 
a repeater (101) which a), synchronizes interface adapt- 
ers for portable end-user devices (102-110) and b), 
retransmits data signals received and which retimes and 
retransmits data signals received from these end-user 
devices that gain, one at a time, the exclusive right to 



transmit those signals during a given transmission time 
subf rame (442,452) by contending for access to the LAN 
resources that are auctioned off to permit LAN resource 
utilization that is independent of traffic load and that is 
implemented in a near collision-free environment. 
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This invention relates to communications systems s 
and more particularly to a wireless local area network 



Over the last few years, Wireless Local Area Net- : 
works (WLAN) have experienced unprecedented growth 
fueled by the popularity of portable computers and 
advances in wireless data communications. With the 
impending standardization of wireless access method 
and physical layer specifications for WLAN adapters 
interface cards and hubs, WLAN-based products are 
poised for further growth. The popularity of WLANs prod- 
ucts stems from their low installation cost and their ability 
to provide the same user interface ("look and feel") of 
traditional LAN products. ; 

In their effort to speed up software development and 
to adapt existing applications to wireless LANs, design- 
ers of WLANs products duplicated traditional LAN capa- 
bilities and as such, unfortunately, afflicted WLAN 
products with the same limitations of those traditional . 
LAN products. Those limitations include a) significant 
throughput degradation with slight increase in traffic due 
to excessive number of collisions which hinder network 
performance, and b) incompatibility with more efficient 
non-802.X physical layer protocols. Those limitations 
take particular significance when one considers a) the 
widespread use of traffic-intensive bitmap-based appli- 
cations and b) increased popularity of non-802.X proto- 
cols, such as the Asynchronous Transfer Mode (ATM) 
protocols. Another problem of the prior art is that the rel- 
atively high cost of WLAN products sometimes out- 
weighs the flexibility benefits and installation cost 
advantage that WLAN products enjoy over their tradi- 
tional counterpart. Thus, a problem of the prior art is lack 
of a cost-effective portable wireless LAN which limits the 
number of collisions to prevent throughput degradation. 



The present invention is directed to a wireless LAN 
and method of operation as set out in the independent 
claims. Preferred forms of the invention are set out in the 
dependent claims. 

A wireless LAN comprises a repeater which a) syn- 
chronizes interface adapters for portable end-user 
devices and b) retransmits data signals received from 
these devices which gain one at a time, the exclusive 
right to transmit those signals during a given transmis- 
sion time subf rame by contending for access to the LAN 
communications resources that are auctioned off to per- 
mit LAN resource utilization that is independent of traffic 
load and that is implemented in a collision-free environ- 



FIG. 1 illustrates in block diagram format a peer-to- 
peer wireless portable LAN arranged to implement 
the principles of the invention; 
FIG. 2 shows some of the functions performed by 
the repeater of FIG. 1 to achieve orderly synchroni- 
zation of the transmitting and receiving end-user 
devices exchanging data signals over the wireless 
LAN; 

FIG. 3 shows some major components of an inter- 
face adapter that enables portable end-user devices 
equipped with such adapters to communicate with 
each other via a repeater. 
FIG. 4 shows the layout of the different elements of 
a superframe transmitted during each time slot on 
the LAN of FIG. 1. 

FIG. S is a flow chart describing how portable 
devices get access to the shared medium; and 
FIG 6 shows in flow diagram format the steps 
needed for data to be transmitted and received by 
the portable devices and the repeater of the wireless 
LAN in accordance with the invention. 



Shown in the block diagram of FIG. 1 is a wireless 
repeater 101 and portable end-user devices 102 to 110 
which together form a Wireless Local Area Network 
(WLAN). Repeater 101 is arranged to synchronize inter- 
face adapters in the portable end-user devices 102 to 
110, and broadcast data signals received from these 
devices to all active end-user devices on the WLAN of 
FIG. 1. RepeaterlOl includes a transceiver (TX/RX) 120 
which is arranged to a) detect modulated subcarrier sig- 
nals emitted by the portable end-user devices and trans- 
mit those signals to portable end-user devices 1 02 to 1 1 0 
in a collision-free environment, as explained further 
below. Of particular significance is the role of repeater 
101 to provide a common timing basis for the portable 
end-user devices 102 to 110 that are active on the 
WLAN. Specifically, data exchanges between active 
portable end-user devices 102 to 1 10 and the repeater 
are broken down into a sequence of time slots on the 
shared medium which may be InfraRed (IR) or Radio 
Frequency (RF) in a given spectral range. During each 
time slot, a superframe is transmitted. The superframe 
is comprised of a) a superframe marker which is a headsr 
indicative of the beginning of the superframe b) one 
administrative frame that is used to promote orderly, fair 
and collision free access to the shared medium, and c) 
a communications frame which carries payload informa- 
tion. Time within each subframe is divided between an 
auction time (described below) followed by a packet (or 
; celt) transmission/reception time. Packets transmitted 
within a communications frame can be formatted accord- 
ing to the Asynchronous Transfer Mode (ATM) standard. 
As is well known in the art, the ATM standard allows data 
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to be formatted in 53-byte packets called "cells" for trans- of FIG. 3 includes a communications microprocessor 
mission to compatible devices. 302, a Resource Auction Multiple Access (RAMA) micro- 
When transceiver 120 of repeater 101 is IR-based, processor 305, an IR (or radio) modem 306, a transmitter 
repeater 101 could be a ceiling mounted base unit that multiplexer 304, a receiver multiplexer 308, a transmit 
provides simultaneous uplink/downlink communications s packet FIFO 303 and a receive packet FIFO 307. Com- 
with f ! and f 2 modulated subcarriers arranged to prevent munications microprocessor 302 is the point of access 
signal interference between transmission and reception (egress) to the wireless WLAN of FIG. 1 for all data sig- 
of IR signals. Because low-power infrared signals from nals entering (leaving) a portable end-user device, such 
IR-based repeater 1 01 are unable to penetrate walls, the as device 1 02. for example. Data leave and enter porta- 
range of IR wireless communications is limited to tens of w ble device 1 02 viaa bus connected to a physical interface 
feet. As a result, additional security benefits are provided of (portable end-user device 1 02) which may be a serial 
by the IR-based repeater 101 because eavesdropping is port, such as the RS-232C port 301 . Alternatively, the 
impossible for other portable devices located outside the physical interface may be a Personal Computer Memory 
range of signals broadcast by IR-repeater 101 . Advan- Card International Association (PCMCIA) card, 
tageously, the wide availability and low cost of optoelec- is Communications microprocessor 302 includes a 
tronic components (LEDs and photodiodes) used in IR buffer memory (not shown) which stores a list of identi- 
transceivers allow an IR-based system to be cheaper f ication numbers for all active portable end-user devices 
than an equivalent Radio Frequency (RF) repeater. on the WLAN of FIG. 1. Each interface adapter has a 
Because of the cost difference between IR-based and unique Permanent IDentification number (PID) which 
RF-based repeater 101 is preferably IR-based even 20 may be, for example, the physical address of the inter- 
though we recognize that an RF-based repeater is more face adapter. To insure its uniqueness, the PID may be 
suitable for applications where greater range is desirable at a few bytes long. Communications microprocessor 
or imperative. 302 is also arranged to generate at least one number -- 
Although a limited number of portable end-user typically a single byte -- in response to a command from 
devices is shown in FIG. 1 for illustrative purposes, it is 25 RAMA microprocessor 305. This number is typically a 
to be understood that the WLAN of FIG. 1 can support temporary identification number (TID) which may be 
communications between a much larger number of port- selected from either a large number of values based on 
able end-user devices. K is also to be understood that a random process, or from a smaller set of numerical val- 
the functions of repeater 101 may be implemented in one ues in a deterministic fashion. Since each payload data 
of the portable end-user devices assuming that the port- 30 packet is preceded by a RAMA contention time inter val, 
able end-user device is strategically located to allow a the TID (as opposed to the PID) is used for that purpose 
clear communications path between the portable end- because it has less bytes and therefore, allows more pay- 
user device (acting as a repeater) and the other active load information to be carried in the subsequent packet, 
portable end-user devices. When a portable device is active, the TID/PID pair 
FIG. 2 shows some of the functions performed by 35 associated with the interface adapter of the device is 
the repeater of FIG. 1 to achieve orderly synchronization known by all the other active devices on the WLAN as 
of data signals transmitted and received over the wire- explained in further detail below. Communication micro- 
less WLAN. When repeater 101 receives wireless sig- processor 302 is connected to multiplexer 304 via a bus 
nals from one of the portable end-user devices 1 02 to 240 and a control line 250 which selects the state of mul- 
1 10, it performs a frequency translation, as indicated in •» tiplexer 304. Control line 250 sets multiplexer 304 to a 
step 201 , by transmitting the received data signals at a particular one of two states to permit information from 
carrier frequency that is different from the one at which bus240 to be passed to microprocessor 305. In the atter- 
those signals were received. The frequency translation nate state (dictated by control line 240), multiplexer 304 
function performed by repeater 101 prevents interfer- allows information from FIFO 303 to be transferred to 
ence between data streams being transmitted and « RAMA microprocessor 305 via bus 340. Similarly, control 
received simultaneously by repeater 101. As mentioned line 360 dictates the state of multiplexer 308. In one of 
above, repeater 101 is arranged to announce the begin- two states of multiplexer 308, control line 380 allows 
ning of periodic predetermined time intervals hereinafter information from microprocessor 305 to be received by 
called "superframes" by generating a superframe microprocessor 302 via bus 320. In the alternate state of 
marker. Thus, the frequency translation indicated in step so multiplexer 308, control line 380 permits information from 
201 is performed until a timer expires, to indicate, for First-ln, First-Out buffer (FIFO) 307 to reach microproc- 
example, that it is time for repeater 101 to emit a super- essor 302. FIFO buffers 307 and 303 are both used to 
frame marker as shown in step 202. Accordingly, in step allow asynchronous transfer of data between the micro- 
203 repeater 1 01 generates and emits the superframe processors 302 and 305. Additionally, the storage capac- 
marker. 55 ity of FIFO 303 and 307 prevent overflow of data 
FIG. 3 shows some major components of an inter- exchanged between microprocessors 302 and 305 and 
face adapter that enables portable end-user devices end-user device 302, thereby, implementing a pipelining 
equipped with such adapters to communicate with each process for exchange of data between the two micro- 
other via repeater 101 of FIG. 1 . The interface adapter processors and the end-user devices. Control pins 350 
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and 360 are used to alert microprocessors 305 and 302, 
respectively, that data signals being received from the 
other microprocessor via multiplexor 304 or 308 are 
received directly from the transmitting microprocessor, 
rather than from FIFO 303 or 307. 

When the WLAN of FIG. 1 uses the ATM standard 
for data communications, microprocessors 302 and 305 
may include the AT&T Microelectronics T7652 ATM chip 
which implements ATM Layer functions such as format- 
ting data into 53-byte cell, policing and virtual channel 
translation as defined in the evolving ATM standards. 
Advantageously, the use of an ATM chip allows the 
WLAN of FIG. 1 to offer higher layer protocols services, 
such as different grade-of-service (GOS) for different 
portable end-user devices. 

Infrared modem 306 modulates and demodulates 
infrared subcarrier signals received and transmitted to 
repeater 101. In an illustrative implementation of IR 
modem 306, Frequency Shift Key (FSK) modulation and 
demodulation techniques are used to modulate and 
demodulate the subcarrier signals received from, and 
transmitted by repeater 101. IR modem 306 includes a 
physical interface comprised of four pins (not shown). 
One of the pins provides the amplitude shift key of the 
transmitted signal. A second of those pins provides the 
frequency shift keyed signal while a third one of the pins 
is the received amplitude shift key data and the fourth 
pin is the frequency shift key data. The two amplitude 
shift keyed pins are used during the RAMA auction. It is 
to be understood that infrared modem 306 can be imple- 
mented as a Radio Frequency (RF) modem when 
repeater 1 01 broadcasts RF signals to portable end-user 
devices 102 to 110. 

RAMA microprocessor 305 includes an EEPROM 
(not shown) which stores different programmed instruc- 
tions executed by a CPU of microprocessor 305. Pro- 
grammed instructions stored in. and executed by RAMA 
microprocessor 305 include superframe marker acquisi- 
tion, WLAN access instructions, contention resolution 
instructions and communications function instructions 
for exchange of data between microprocessors 302 and 
305 (described above). Illustrative programmed instruc- 
tions for WLAN access and superframe marker acquisi- 
tion are shown in FIG. 5 and described below. 

The contention resolution instructions allow active 
portable end-user devices that have one or more packets 
to transmit to contend for access to the shared medium 
of the WLAN of FIG. 1 by entering an auction for 
resources on the medium. In order to facilitate a better 
understanding of the auction process, it might be helpful 
to discuss some of the elements of a superframe 
depicted in FIG. 4. As shown in FiG. 4, superframe 40 is 
divided into an administrative frame 41 and communica- 
tions frame 42. The administrative frame 41 includes a 
header called a superframe marker 43 which alerts all 
end-user devices of the beginning of a new administra- 
tive frame and superframe. The administrative frame 
also includes a plurality of administrative subframes 44- 
1 to 44-N. Each of these subframes includes a RAMA 
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contention time 441 and a Permanent IDentification 
(PID) transmission time 442. During the RAMA conten- 
tion time 441 , the TIDs are used in an auction. The win- 
ner of that auction gains the privilege of transmitting its 

s PID and, thus, announcing itself to the other active 
devices on the LAN. The communications frame 42 
includes a plurality of communications subframes 45-1 
to 45-M. Each one of these subframes is comprised of a 
RAMA contention time 451 and payload transmission 

10 time 452. During the RAMA contention time 451 , those 
active devices on the LAN who wish to transmit informa- 
tion, participate in an auction using their TIDs. The 
unique winner of this auction, gains the privilege of trans- 
mitting its data packet during the payload time 452. 

is Portable end-user devices contending for the WLAN 
resources enter the auction by simultaneously transmit- 
ting, at a prescribed time, their respective contention 
code, e.g.. TID (that has a predetermined number of dig- 
its), one digit at a time. In each TID, the most significant 

20 digit is transmitted first Following the transmission of that 
digit TID by all contending portable end-user devices, 
each device, upon receiving the digits (from ail other 
devices compare the received digits to their own most 
significant digits (MSD) in their own TID. Portable end- 
as user devices with lesser value in their MSD than the high- 
est value received drop out of contention. These losing 
portable end-user devices reenter the auction for the 
next resource in the following administrative or commu- 
nications subframe. The next significant digit of each TID 

30 is then transmitted and the received digits are then com- 
pared to allow more losing portable end-user devices to 
drop out of the auction. The process continues until all 
digits have been auctioned and a unique (single) porta- 
ble end-user device is a winner which then has exclusive 

ss rights to broadcast its packet on the administrative or 
communications subframe. During the communication 
frame this procedure is repeated for the remaining 
resources until either ail requests for data broadcasting 
are satisfied or no communications resources are una- 

40 vailable. 

The successive auction rounds produce a single 
winner for each unused resource while weeding out the 
rest of the contending portable end-user devices. Advan- 
tageously, this procedure allows unused time slots to be 
45 always assigned irrespective of the traffic demand while 
permitting losing portable end-user devices to gracefully 
back off, thereby preventing collision on the WLAN 
medium. 

FIG. 5 is a flow chart describing how portable end- 
so user devices get access to the shared medium of the 
portable wireless WLAN of FIG. 1. The process for a 
portable end-user device to access the shared medium 
of the WLAN of FIG. 1 is initiated in step 501 when a 
portable end-user device (let us select for example port- 
55 able end-user device 103) attempts to acquire that 
superframe marker. Typically, performance of this step 
involves waiting for a superframe maker to be emitted by 
repeater 101 . The waiting for the marker and the attempt 
to acquire such marker continues until the superframe 
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marker is acquired by portable end-user device 103, as 
indicated in step 502. This acquisition marks the start of 
the administrative frame. A determination is then made, 
in step 503. as to whether portable end-user device 1 03 
is a new device trying to access the WLAN. If so portable 
end-user device 1 03 waits for a broadcast from repeater 
101 informing all active portable end-user devices of the 
TID/PID of the specific, portable end-user device that 
won the auction, and therefore, the right to broadcast its 
TID/PID during the transmission cycle for that adminis- 
trative subframe. This TID/PID information is received in 
step 504 by portable end-user device 103 which uses 
that information to build/update and store in communica- 
tions microprocessor 302 a list of TID/PID for all active 
portable end-user devices on the WLAN of FIG. 1, as 
indicated in step 505. A determination is then made in 
step 506, as to whether portable end-user device 103 
can assign itself an heretofore unused TID. If so portable 
end-user device 103 picks the unused TID in step 507 
and enters the auction for the next administrative sub- 
frame, as shown in step 508. If access to the WLAN of 
FIG. 1 is gained by portable end-user device 103, as 
determined in step 509, portable end-user device trans- 
mits its TID/PID in step 510. to announce its address to 
the other active portable end-user devices on the WLAN. 
A determination is then made as to whether a collision 
has occurred in the transmission of the TID/PID pair by 
portable end-user device 103. This may occur, for exam- 
ple when another newly arriving portable end-user 
device selects the identical "unused" TID picked by end- 
user device 103. Accordingly, when portable end-user 
device 103 receives a TID/PID with its TID but a different 
P ID, it infers that there is one or more simultaneous new 
arriving portable end-user device with the same TID. In 
that case, steps 503 to 510 are repeated until portable 
end-user device 103 can ascertain that its picked TID is 
unique on the WLAN. Then, in step 512, portable end- 
user device transmits a confirmation of no conflict to all 
other portable end-user devices on the WLAN in order 
to instruct them to enter its TID/PID pair on their list of 
active portable end-user devices. 

If in step 506, portable end-user device 1 03 is unable 
to ascertain (as of yet) whetherthere are any unused TID 
that it can assign to itself, portable end-user device 1 03 
then determines in step 518, whether the cycle for the 
administrative frame has ended. If so, portable end-user 
device 1 03 has to wait until the beginning of the admin- 
istrative frame of the next superframe to start the process 
described in FIG. 5. If the transmission cycle for the 
administrative frame has not ended, steps 503 to 507 are 
repeated until portable end-user device 103 can select 
an unused TID. Similarly, when portable end-user device 
103 is unable to win the RAMA auction in step 509, port- 
able end-user device 103 determines in step 518 
whether the transmission cycle for the administrative 
frame has ended. If not, steps 503 to 509 are repeated 
until portable end-user device wins the RAMA auction. 
If portable end-user device 103 is not a newly arriving 
portable end-user device on the WLAN. as determined 
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in step 503. portable end-user device 103 then in step 
513 determines whether it has already announced its 
TID/PID pair to the other active portable end-user 
devices on the WLAN. If not. portable end-user device 

5 1 03 enters the RAMA auction in step 51 4 to gain the right 
to broadcast its TID/PID pair. Upon winning the auction, 
as determined in step 515, portable end-user device 
transmits its TID/PID pair to repeater 101 which, in turn 
broadcasts that TID/PID pair to all active devices on the 

w WLAN, as indicated in step 516. If portable end-user 
device103doesnotwinthe RAMA auction, it listens to 
the broadcast of repeater 1 01 to update Its list of TID/PID 
of active devices on the WLAN, as indicated instep 517. 
Steps 503, 513, 514, 515. 516and 51 7 are repeated until 

r 5 the end of the transmission cycle for the administrative 
frame, as determined in step 418. 

FIG. 6 shows in flow diagram format the steps 
needed for payload data to be transmitted and received 
by the portable end-user devices and the repeater of the 

20 wireless WLAN of FIG. 1. The process for transmitting 
and receiving payload data on the WLAN of FIG 1 is 
initiated in step 601 when an active portable end-user 
device, such as device 1 10, for example, determines that 
the communications frame is still in progress. Then in 

25 step 602, portable end-user device 110 determines 
whether it has any data packet® to transmit to repeater 
101. If so, portable end-user device 110 enters the 
RAMA auction in step 607 to gain exclusive access to 
the following data time slot. If portable end-user device 

30 1 10 wins the RAMA auction, as determined in step 608, 
it transmits its data packet in step 609 and repeats the 
process of FIG. 6 until the end of the communications 
frame. When portable end-user device 1 10 has no data 
to transmit, as determined in step 602, portable end-user 

6 device 110 listens to the broadcast of repeater 101 to 
receive data packets transmitted by the other portable 
end-user devices, as shown in step 603. The header of 
a received packet is analyzed in step 605 to determine 
whether the transmitted data packet was intended for 

40 portable end-user device 110, If so portable end-user 
device 1 1 0 transfers the received data packet to its input 
buffer. If the data packet is addressed to other end-user 
devices, portable end-user device 110 discards the 
received data packet and continues the process 

45 described in FIG. 6 until the communication frame ends. 

Claims 

1. A wireless local area network for exchanging data 
so between a plurality of end-user devices CHARAC- 
TERIZED BY 

means responsive to a request from one of 
said end-user devices for resources of said local 
areanetworkfor allocating said resources only when 
55 said end-user device is a sole winner of an auction 
among other end-user devices contending for 
access to said resources; and 

arepeaterforreceivingdatasignalsfromsaid 
end-user device which won said auction and b) for 
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broadcasting said received data signals to said plu- 
rality of end-user devices. 

2. The network of claim 1 CHARACTERIZED IN THAT 
said repeater includes: 

means fortransmitting said received data sig- 
nals at at different frequency from which said signals 



The network of claim 1 or claim 2 further CHARAC- 
TERIZED BY 

means for performing successive compari- 
sons of most significant bits in addresses associated 
with each one of said end-user devices during suc- 
cessive rounds of said auction until said sole winner 
is selected. 

The network of any of the preceding claims further 
CHARACTERIZED BY 

means for each end-user device to commu- 
nicate an address in order to participate in said auc- 



5. The network of any of the preceding claims further 
CHARACTERIZED BY 

means for performing successive compari- 
sons of most significant digits in codes associated 
with each one of said end-user devices during suc- 
cessive rounds of said auction until said sole winner 
is selected. 

6. The network of any of the preceding claims CHAR- 
ACTERIZED IN THAT said repeater further 



The network of any of the preceding claims CHAR- 
ACTERIZED IN THAT said repeater further 
includes: 

means for providing timing signals for said 
end-user devices. 



transmitting said received data signals at at 
different frequency from which said signals were 



10. The method of claim 8 or claim 9 CHARACTERIZED 
IN THAT said granting step includes the step of: 

performing successive comparisons of most 
significant bits in addresses associated with each 
one of said end-user devices during successive 
rounds of said auction until said sole winner is 



11. The method of any of claims 8 to 10 further CHAR- 
ACTERIZED BY the step: 

communicating an address by each end-user 
device in order to participate in said auction. 

12. The method of any of claims 8 to 1 1 CHARACTER- 
IZED IN THAT said granting step includes the step 
of: 

performing successive comparisons of most 
significant digits in codes associated with each one 
of said end-user devices during successive rounds 
of said auction until said sole winner is selected. 

13. The method of any of claims 8 to 12 further CHAR- 
ACTERIZED BY the step of: 

defining time intervals within which said auc- 
tion for said resources can be held. 



8. A method of operating a wireless local ar 
for exchanging data between a plurality of end-user 
devices, said method CHARACTERIZED BY the 
steps of: 

in response to a data transmission request 
from one of said end-user devices for access to said 
local area network, granting said access only when 
said end-user device is a sole winner of an auction 
among other end-user devices contending for said 
access to said local area network. 

broadcasting from a repeater data signals 
received from said auction-winning end-user device 
to said plurality of end-user devices. 

9. The method of claim 8 CHARACTERIZED IN THAT 
said broadcasting step includes the step of: 



14. The method of anyof claimsSto 13 CHARACTER- 
IZED IN THAT said broadcasting step further 
includes: 

providing timing signals for said received data 
signals. 

15. A wireless local area network for exchanging data 
between a plurality of end-user devices, said local 
area network CHARACTERIZED BY 

means for receiving from said end-user 
devices requests to be attached to said local area 
network; 

means for granting each request only when 
a unique address can be assigned to each request- 
ing end-user device; 

means for defining transmission cycles for 
exchange of data on said local area network; 

means for receiving within a transmission 
cycle a request from a particular one of said end- 
1 user devices to which a unique address has been 
assigned for access to use of resources of said local 
area network; 

means for allocating said resources to said 
particular one of said end-user devices within said 
; transmission cycle only when said particular one of 
said end-user devices is a sole winner of an auction 
for said resources, wherein at least one other end- 
user device to which a unique address has been 
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assigned competes for said resources in said auc- 
tion. 

16. A wireless local area network for exchanging data 
between a plurality of end-user devices, CHARAC- s 
TERIZED BY 

adapter means for coupling said end-user 
devices to said local area network and 

means responsive to a request from one of 
said end-user devices for resources of said local to 
area network for allocating said resources only when 
said end-user device is a sole winner of an auction 
among other end-user devices contending for 
access to said resources, said allocation of 
resources allowing data to be received from said is 
auction-winning end-user device by a repeater 
which broadcasts said received data signals to said 
plurality of end-user devices. 
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FIG. 1 
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FIG. 2 
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FIG. 5 
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